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SUMMARY 


Tests were conducted to determine the effects of sting- support 
interference on the zero-lift drag of two Bodies of revolution (with and 
without boattailing) . The sting support consisted of a constant-diameter 
sting followed by a sting flare terminating in a cylindrical support. 
Various sting diameters, sting lengths, and sting flare angles were 
tested at Mach numbers of 0.6 to 1.4 and a Reynolds number of 8 million, 
based on model length. 

In general, the addition of the sting support caused a foredrag 
reduction and a decrease in base drag. The maximum interference occurred 
at high subsonic speeds. At supersonic speeds, the interference decreased 
rapidly and approached zero at a Mach number of 1.4. 

For the model with boattailing supported on a 1-inch-diameter sting 
with a 12° flare angle, both foredrag and base drag were affected by 
changes in sting length when the sting length was less than 6.0 and 6.5 
base diameters, respectively. The foredrag and base drag were affected 
by changes in sting diameter for the entire range of Mach numbers. 

For the model with the cylindrical afterbody, the foredrag was not 
affected by the sting support. However, the base drag was dependent on 
the sting diameter, but was independent of changes in sting length for 
lengths greater than 5*5 base diameters. 


INTRODUCTION 


The importance of understanding the effects of model support inter- 
ference on wind-tunnel test results has long been recognized. This prob- 
lem has been extensively studied at subsonic and supersonic speeds. 
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However, with the recent development of the transonic wind tunnel, the 
problem of support interference must be considered at transonic speeds. 
Information presented in references 1 to 6 shows that sting-support 
interference is considerable, but adequate information for the design of 
interference-free sting-support systems is lacking. The purpose of the 
investigation reported herein was to obtain adequate inf o relation for the 
design of minimum interference sting-support systems for a boattail and 
a cylindrical body with turbulent boundary layer at Mach numbers from 0.6 
to 1.J+. 


SYMBOIS 


A 

a B 

% 

% 

Cd bt 


frontal area of model 
base area of model 


total drag minus base drag 
foredrag coefficient, ^ 


base drag coefficient, - 


Pb - Pco a b 


boattail drag coefficient, 2 


*/ 


,r = 0.575 


C p r dr, pressure drag 


r = 1 . 000 

over boattail section (does not include base drag) 


. 00 

Cp pressure coefficient, - 

d diameter of the sting 

D maximum diameter of the model (See fig. 1.) 

I sting length of constant diameter between model base and sting 

flare 

L model length 

M Mach number 

p static pressure 

q dynamic pressure 

r radius of body 
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x distance from model nose 

9 semivertex angle of the sting flare 

Subscripts 

B base 

00 free stream 

cr critical 


APPARATUS AND M0DEI5 


The investigation was conducted in the Ames 2- by 2-foot transonic 
wind tunnel which is described in reference 7 . The wind tunnel is of the 
closed-circuit, variable -density type which employs a perforated test 
section for continuous transonic speed operation. 

Geometric details of the two models used in the investigation are 
presented in figure 1. Both models had a fineness ratio of 10 with 
Karman ogive noses 50 percent of the body length. The boattail model 
(boat tail from 80 to 100 percent of the body length) had a base-diameter 
to maximum-diameter ratio of 0.575* The slope of the boattail at the 
base is zero. For pressure measurements, 56 orifices of 0.02-inch 
diameter were installed longitudinally along both models as shown in 
figure 1 . 

For the investigation, the models were supported by various sting- 
support configurations and by a side support. A photograph of these 
supports is shown in figure 2. A sketch of a typical sting-support con- 
figuration is shown in figure 3* The sting support consisted of a 
constant-diameter sting followed by a sting flare terminating in a 
2-l/2-inch cylindrical support. For the side support plus sting 
configurations only the 12 sting flare was used. 

Total drag measurements were made by means of an internal strain- 
gage balance. Base pressure (i.e. , base drag) was obtained by an orifice 
inside the base of the models. Model pressures were indicated by a 
liquid-in-glass manometer and recorded photographically. 


4 


NACA KM A57I09 


TESTS AND DATA REDUCTION 


The models, were tested at zero angle of attack throughout the Mach 
number range of 0.60 to 1.4, inclusive. The Reynolds number was 8 mil- 
lion, based on model length. Total drag and base pressure were measured 
when the models were sting supported. When the side support was employed 
(with or without stings), base-pressure and afterbody-pressure distribu- 
tions were measured. The boundary-layer transition point was fixed at 
20 percent of the body length on both models by a ring made of 0.032 inch 
by 0.032 inch brass. The various sting configurations which were tested 
are listed in figure 3* 

Subsonic wall-interference effects, as shown in reference 7, were 
small enough to require no corrections. Interference caused by wall- 
reflected shock waves at Mach numbers of 1.06 to 1.15 are known to be 
present; however, no assessment of their effects has been made. 

Apart from possible systematic errors resulting from neglecting the 
above corrections, the probable errors in the data, as determined by a 
root -mean -square analysis of data scatter, are considered to be as 
follows : 


= ± 0.005 
CDg = ±0.004 
M = ±0.003 

RESULTS AND DISCUSSION 


The interference created by a sting support has been shown in 
reference 1 to result from two causes. These are, first, the inter- 
ference to the flow resulting from the proximity of the sting flare, 
referred to as the "length effect," and, second, the interference to the 
flow resulting from the presence of the constant diameter sting, referred 
to as the "diameter effect." It is known that these two interference 
effects have critical limits. These are, first, the critical sting- 
length to base-diameter ratio (l/ Dg)^, defined as the minimum l/Dg for 
obtaining the same Cjw, or Cg^ as would be obtained for an "infinite" 
length sting, and, second, the critical sting-diameter to base-diameter 
ratio (d/Dg) , defined as the maximum d/Dg for obtaining the same 
or Cp as would be obtained for a sting of zero diameter. 
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Effect of Sting Length 

Boattail model *- The variations of drag coefficient with 2/ Dg for 
the l/2- and 1-inch-diameter stings are presented in figures 4(a) and (b), 
respectively. It is seen that the sting interference caused a reduction 
of foredrag coefficient. The magnitude of this interference increased 
from 0.6 Mach number and reached a maximum near sonic speed. With fur- 
thur increase in speed, the interference diminished quite rapidly. As 
would be expected, the magnitude of the interference due to length effect 
was amplified by the increased sting flare angle. 

The variations of (l/Dg) cr for foredrag with Mach number for the 
l/2- and 1-inch-diameter stings are presented in figures 5(a) and (b) , 
respectively. Critical values of 2 /Dg increased slightly with increas- 
ing speeds to a maximum at approximately 0.95 Mach number. With further 
increase in speed, (z/l>B) cr decreased very rapidly. It is also noted 

that the values of (z/l>B) cr of the 1-inch-diameter sting were greater 

than those of the l/2-inch-diameter sting. The critical values of 2/ Dg 
of this investigation for a body of revolution are in good agreement with 
those of reference 1 for a wing-body model. 

Topical pressure distribution measurements for three values of z/Dg 
are presented in figure 6. The interference, in the form of pressure 
disturbances, was propagated upstream for a considerable distance at 
subsonic speeds, but was limited to the rear of the model at supersonic 
speeds. The magnitudes of these disturbances were progressively 
diminished with upstream distance. 

Typical variations of the base drag coefficient with 2/ Dg are 
shown in figure 7» A decrease in sting length caused a decrease in base 
drag coefficient, the magnitude of which increased with sting flare 
angle. Theoretically, the sting flare can be represented by a distribu- 
tion of sources whose strengths are determined by the sting flare size. 
Tunnell, in reference 1, showed that by this method the (z/Dg) cr for 
base drag could be estimated at subsonic speeds. This theoretical esti- 
mate is shown in figure 7 for 0 = 12°. It is seen that the theoretical 
(z/Dg) cr compare quite well with the experimental values. As mentioned 
in reference 7 > numerical agreement of base drag would not be expected 
since the theory neglected the presence of the model. 

The variations of (z/Dg) cr for base drag coefficient with Mach 
number are presented in figure 8. It is seen that the values of (z/DB) cr 
for base drag are approximately 0.5 to 1.0 greater than those for fore- 
drag. Since the base is closer to the source of the disturbance, this 
result should be expected. 

Cylindrical model .- For the cylindrical model, the foredrag coeffi- 
cient was unaffected by the sting support (fig. 9 ) 7 indicating that the 
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interf erence fiold was confined. *to "the cylindrical afterbody. Typical 
pressure distributions, presented in figure 10, indicate that the inter- 
ference effects were indeed limited to the rear of the model. The inter- 
ference effects were quite similar to those of the boattail model, but 
were smaller. For Mach numbers of 1.2 and higher , the interference 
effects were negligible, even for l / Dp = 0. However, for the model at 
positions other than symmetrically in line with the free stream, an 
interference effect would be ejected. 

The variations of base drag coefficient with l/ Dp (fig* H) were 
similar to those for the boattail model. However, the increments in base 
drag coefficient were larger due to the larger base area. Theoretical 
and experimental values of (z/Db) ci . compare quite well. Variations of 
(^/Db) , for base drag with Mach number (l-inch-diameter sting) are 
shown in figure 12. The trends are similar to those for the boattail 
model. The maximum (z/DB) cr f° r 1 inch sting and 12° sting flare was 5*5* 


Effect of Sting Diameter 


Boattail model .- The variations of foredrag coefficient with d/D B 
are shown in figure 13* All tests were made at 1 /Dp ratios greater 
than critical for all sting diameters in order that the length effects 
would be negligible. The interference effects were small and, in general, 
the foredrag decreased with increase in sting diameter. For Mach numbers 
over 1.10, (d/DB) was approximately O.65 and at Mach number 1.^, 

(d/DB) was approximately 1.0 (i.e., no interference). This agrees 

the result of reference 3 which showed that there was no foredrag 
interference due to sting diameter at a Mach number of 1*5* Typical 
pressure distributions at four d/DB ratios and the integrated boattail 
drag values are presented in figures ih and 15, respectively. 

The diameter effect on the base drag coefficient is shown in fig- 
ure 16. The base drag increased with decreasing d/DB ratio. At sub- 
sonic speeds, there was a small interference effect for all stings 
tested. At Mach numbers of 1.2 and l.k, (d/Dfi) was approximately 0.5. 

Small discrepancies between the data for the sting and sting plus side 
support are due to mutual interferences between the two supports. 

Cylindrical model.- As would be expected, there was no interference 
in foredrag due to sting diameter effect for the entire Mach number 
range (fig. 17). Also, the pressure distributions over the afterbody 
were not affected by changes in sting diameter as shown in figure 18. 

The variations of base drag coefficient with d/Dp are shown in 
figure 19. It is seen that the base drag was affected by all sting 
diameters. A mutual interference between the sting and side support is 
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apparent at transonic speeds. Another phenomenon is that the base drag 
coefficient (i.e., base pressure) changed abruptly when d/l>B changed 
from zero to a finite value. 


CONCLUSIONS 


The results of the tests show the following effects of sting-support 
interference on the foredrag and base drag of the boattail and the 
cylindrical model: 

1 . The maximum sting-support interference effects occurred at 
approximately 0.95 Mach number and were substantially smaller at 
supersonic speeds. 

2. For the boattail model tested, foredrag and base drag data for 
a sting flare angle of 12 ° and sting-diameter to base-diameter ratio of 

O .87 were free from sting-length interference when the sting length was 
greater than 6.0 and 6.5 base diameters, respectively. However, there 
was always an interference on base drag from the sting diameter. 

3 . For the cylindrical model tested, the foredrag was independent 
of the sting support. However, the base drag was affected by the sting 
diameter, but was not affected by sting length for lengths greater than 
5.5 base diameters. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., Sept. 9 j 1957 
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Figure 1.- Geometric details of the boattail and cylindrical models 
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(a) Boat tail model with sting support. 


A-21141 



(h) Cylindrical model with side support. 
Figure 2.- Models and support systems investigated 
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Figure 3*~ Sting support configurations investigated 
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Figure 4#- Variations of foredrag coefficient with sting-length to base -diameter ratio, 

boattail model. 
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(b) it = 0.87, d = 1.0 in. 


Figure 4.- Concluded. 
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(b) = 0.87, d = 1.0 in. 


Figure 5.- Variations with Mach number of critical sting-length to base- 
diameter ratio for foredrag coefficient; boattail model. 
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x /l 

Figure 6.- Topical pressure distributions for three sting-length to Q base 
diameter ratios; boattail model; d/Dg =0.87; d = 1 in.; 0 = 12 . 
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Figure 7.- Typical variations of base drag coefficient with sting-length 
to base-diameter ratio; boattail model; d/Dg = 0.87; d = 1 in. 
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(a) ^ = 0.43, d = 0.5 in. 



Figure 8.- Variations with Mach number of critical sting-length to base 
diameter ratio for base drag coefficient; boattail model. 
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Figure 9 .- Typical variations of foredrag coefficient with sting-length to 
"base-diameter ratio; cylindrical model; d/Dg = 0.50; d = 1 in. 
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Figure 10»- Typical pressure distributions for three sting-length to base- 
diameter ratios; cylindrical model; d/Dg = 0«50; d = 1 in»; 9 = 12°. 
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Figure 11 Typical variations of base drag coefficient with sting-length 
to base-diameter ratio; cylindrical model; d/Dg = 0.50; d = 1 in. 
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Figure 12.- Variations with Mach number of critical sting-length to "base 
diameter ratio for base drag coefficient; cylindrical model; 
d/Dg = 0*50; d = 1 in. 
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Figure 13 .- Variations of foredrag coefficient with sting-diameter to base-diameter ratio; 

boattail model; 9 = 12°; z/Dg > (^/®B) cr * 
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Figure l4.- [typical pressure distributions for four sting-diameter to base 
diameter ratios; boattail model; 9 = 12°; l/ Dg> (l/V B) cr * 
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Figure 15.- Variations of boattail drag coefficient with sting-diameter to base-diameter ratio; 

boattail model; 0 = 12°; z/Db > ( ^ /^B ) cr • 
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Figure 1 6 .- Variations of base drag coefficient with sting-diameter to base-diameter ratio; 

boattail model; 9 = 12°; l/Dg > (^/ D B) cr * 
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Figure 17.- Topical variations of foredrag coefficient with sting-diameter 
to base-diameter ratio; cylindrical model; I/Db > (^A*B) cr » 
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Figure 18.- Typical pressure distributions for various sting-diameter to 
base-diameter ratios; cylindrical model; 9 = 12°; z/Djj > ( 1 /l>B ) c r * 
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Figure 19.- Variations of base drag coefficient with sting-diameter to base-diameter ratio 

cylindrical model; 9 = 12 ; > (2/DB) cr » 


NACA RM A57I09 


